SUMMARY The effect of the C-terminal octapeptide of cholecystokinin-pancreozymin (CCK-PZ), caerulein, and the C-terminal tetrapeptide of gastrin on pancreatic secretion of fluid, electrolyte, amylase, and protein was studied in anaesthetized dogs prepared with pancreatic fistulae. Against background stimulation of fluid secretion with submaximal doses of secretin, all the polypeptides produced a qualitatively similar pancreatic response, causing a highly significant increase in amylase, protein, calcium, and zinc concentrations. Magnesium concentration was significantly increased only when the concentration preceding the administration of the peptide was below 100 ,u-equiv/l. Octa-CCK-PZ was 13-35 times and 20-56 times more potent than tetragastrin on weight and molar bases, respectively, as a stimulant of amylase secretion. The threshold doses were largest for amylase, lower for calcium, and lowest for zinc. A significant linear correlation was observed between amylase and calcium concentration, zinc and protein concentration, and magnesium and calcium concentration. The peptides produced some increase in secretin-induced volume flow, whereas bicarbonate, chloride, sodium, and potassium concentrations remained unchanged. The direct relation between bicarbonate concentration and flow rate was limited to rates below 1.5 ml/5 minutes. At higher rates bicarbonate and chloride concentration reached a high and low plateau, respectively, although the first five-min sample of pancreatic juice after secretin stimulation exhibited a relatively low bicarbonate and high chloride concentration compared with its voluminous flow. Chloride concentration varied inversely with bicarbonate concentration, the sum of the two anions being constant.
pentobarbital (25-30 mg/kg) injected intravenously. A tube was placed in the trachea and connected to an artificial respirator throughout the experiment. The abdomen was opened through a midline incision. A simple gastric fistula was constructed and a rubber ligature was placed around the pylorus to prevent the entry of acid into the duodenum. A total pancreatic fistula was prepared as described previously (Nakajima and Magee, 1970) . A continuous intravenous infusion of 0.15 M NaCl was delivered throughout each experiment at a rate of 50 ml/hr by a motor-driven syringe. Secretin was then added to the infusion to give the desired dosage. Two types of secretin were used: Squibb synthetic secretin in clinical units and Boots secretin in Crick, Harper, and Raper units. Pancreatic juice was collected continuouslyinto a graduated centrifuge tube through a 30-cm polyethylene cannula (PE 100) at, unless otherwise stated, 15-min intervals.
The activity of amylase was determined by the method of Caraway (1959) wherein the unhydrolyzed starch was measured spectrophotometrically following the reaction with iodine. Bicarbonate was estimated either by the gasometric method of Natelson (1951) using an EKDS microgasometer or by a modification of the titrimetric method of Segal (1955) . Chloride was determined in a Hiranuma chloride counter (type CL-1) developed for use with the automatic coulometric-amperometric titrator described by Cotlove, Trantham, and Bowman (1958) . Sodium, potassium, calcium, magnesium, and zinc were determined in a Hitachi-Perkin Elmer model 303 atomic absorption spectrophotometer (Slavin, 1968) . To determine calcium and magnesium, protein was precipitated with 9 % trichloroacetic acid and the specimens were diluted in a 1 % lanthanum chloride solution. The protein content of pancreatic juice was determined by measuring light absorption at 540 m,u in a Hitachi spectrophotometer following biuret reaction and comparing the results with a standard solution of bovine serum albumin.
The C-terminal octapeptide of CCK-PZ (SQ 19844) Figure 1 illustrates the effect of rapid intravenous injections of octa CCK-PZ on pancreatic secretion induced by secretin. In all experiments, no amount of spontaneously flowing juice could be collected immediately before secretin stimulation. Continuous intravenous infusion of secretin alone in a dose of 4.0 units/kg-hr for 225 min resulted in an average 15-min volume of 9.2 ml. Volume increased with time with only two exceptions and the largest mean 15-min volume was 10-8 ml during the last 15-min collection period. Amylase and calcium concentrations were high during the first 15-min period, but fell off quickly within the next 15 min reaching a plateau that persisted throughout the remainder of the experiment. The mean pre-injection levels in the test and control experiments with secretin did not differ significantly (p < 0.05). The rapid intravenous injection of 2 to 128 ,ug (0.15 relatively short lived following single injections (fig 1) , persisted throughout the two-hr period ofcontinuous infusion of octa CCK-PZ although there was a gradual reduction in amylase, protein, and calcium concentrations during the second hour. The amylase and protein concentrations increased to more than 240 % above the preinfusion level within 15 min and these values were maintained for one hr and fell to only 199 % of the preinfusion levels by the end of the second hour. Concentrations of calcium and zinc, which also rapidly increased to peak values, 152% for calcium and 19900% for zinc above preinfusion levels, began to decline after 45 min, and were 58 % for calcium and 9900 % for zinc above the preinfusion level at the end of two hours. The magnesium concentration was largest, ranging from 190 to 330 ,u-equiv/l, in the first sample obtained after starting secretin infusion in all series of experiments. In the two experiments with octa CCK-PZ infusion the preinfusion levels of magnesium were 160 and 66 u-equiv/l, respectively, and were unchanged in the former and increased to 165
,u-equiv/l in the latter. chloride concentration compared with its voluminous flow (fig 14) . The direct relationship between bicarbonate concentration and volume flow was limited to flow rates below 1.5 ml/five min. Sodium and potassium concentrations remained constant throughout the experiment.
Discussion
The results presented here show that octa CCK-PZ, caerulein, and tetragastrin, when given intravenously, Sumio Nakajiina basal in volume and bicarbonate of canine pancreatic secretion in which mean flow was below 4.3 ml/15 min. It has been reported recently that the maximal bicarbonate response to secretin was significantly augmented either by the intravenous infusion of CCK-PZ or the intraduodenal perfusion of phenylalanine (Meyer, Spingola, and Grossman, 1971) . It seems most probable that the augmentation was due to an increase in volume flow rather than to an increase in bicarbonate concentration. While octa CCK-PZ and related peptides had no effects on bicarbonate concentration of secretin-stimulated pancreatic secretion at relatively high rates, the effects of these peptides on pancreatic secretion at low rates remain to be determined. In studying the pancreaticresponses to parasympathomimeticagents, Lenninger (1971) found that the intravenous injection of methacholine increased volume flow more when the pancreas was secreting at low rates than at high.
The pancreatic duct system behaves as a selective diffusion barrier between the lumen and the interstitium, but the mechanisms of this barrier function are not fully understood. Makhlouf and Blum (1970) have discussed the theoretical considerations which would permit all the three models for pancreatic secretion of bicarbonate and chloride to account equally well for the experimental observations. In the present study analysis of the anions in pancreatic juice obtained from the cannulated main duct shows that the slope (-1-14) of the. regression line between bicarbonate and chloride concentrations was not significantly different from -1 and the sum of the two anions remained constant irrespective of the use of different secretory stimuli. Furthermore, the sum of the anions was usually greater than that of the cations. In contrast, Makhlouf and Blum have reported that the slope was significantly larger than -1 and the sum of the two anions increased as bicarbonate increased. The sum of the anions was significantly less than that of the cations at all levels. The reason foi the discrepancies between the results in this study and those by Makhlouf and Blum is not known at present.
Sodium and potassium concentrations in pancreatic juice are approximately equal to those in the plasma, and both are independent of the rate of flow.
The nature of the experiments reported in this paper does not permit distinction between the possible mechanisms responsible for the transport of sodium and potassium.
It has been demonstrated previously that intravenous injection of CCK-PZ produced a rapid increase in calcium and protein concentration in canine pancreatic juice secreted in response to secretin (Goebell, Steffen, Bode, and Hupe, 1970) . The present data demonstrate that octa CCK-PZ, caerulein, and tetragastrin all caused a marked increase in amylase, protein, calcium, and zinc concentrations. In addition, significant linear correlations were observed between amylase and calcium, zinc and protein, and calcium and magnesium. It can be noted that similar correlations apply for each of the three peptides considered separately.
Alpha-amylases from various sources have been found to contain at least one gram-atom of calcium per mole of enzyme which plays a decisive role in preserving the integrity of the enzyme. Zinc is the only other metal found in stoichiometrically significant amounts (Vallee, Stein, Sumerwell, and Fischer, 1959) . Pancreatic carboxypeptidase is also a zinc metalloenzyme containing one gram-atom of zinc per mole which is indispensable for its catalytic activity (Vallee and Neurath, 1955) . The data presented therefore make it appear likely that at least part of these metals is associated with the corresponding metalloenzymes in pancreatic juice.
Magnesium is second in abundance to potassium as an intracellular cation. Some of the peptidases, including leucine aminopeptidase, which has been shown to be present in pancreatic juice (Christodoulopoulos et al, 1961) , require magnesium as a cofactor (Wacker and Vallee, 1958) . The finding that changes in magnesium concentration resembled but did not always parallel changes in calcium concentration suggests a different secretory origin of this ion.
Although a full elucidation of the role of divalent cations in pancreatic juice has to await further studies, there is a possibility that determination of the metals in pancreatic juice may constitute a satisfactory test for use in clinical examination of pancreatic function. Sullivan, O'Grady, and Lankford (1965) have shown that the content and concentration of zinc in duodenal aspirates before and after secretin stimulation in patients with chronic pancreatitis were lower than those in normal subjects. Since the present observations demonstrate significant changes in metal ion secretion in response to various polypeptide stimuli more attention might be paid to the secretion of these ions in pancreatic function tests. 
